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APPARATUS FOR HEATING INJECTION MOLDING FLUID 
BACKGROUND OF THE INVENTION 

[0001] This invention relates to a heater for an injection molding nozzle. 
[0002] Injection molding processes and apparatus typically involve 
heating materials which are solid at room temperature to elevated 
temperatures where the solid materials are converted to a fluid capable of 
flowing readily through tubes, barrels, bores and channels of various shapes 
and sizes that direct the fluid to the cavity of a mold where the fluid is cooled 
and formed into a solid part. Heating of the fluid flow channels in injection 
molding machine apparatus and processes has been attempted in a variety of 
configurations and devices that have been designed to achieve the most 
efficient contact possible between a source of heat and the paths/channels 
through which the fluid is routed. In order to maintain injected fluid at an 
elevated temperature, various heating devices such as wires, coils, tubes and 
the like are placed in direct contact/engagement with the housings of the 
apparatus. Such heating devices/methods rely on conduction of heat 
throughout the body or matrix of the components to travel to the walls of the 
fluid flow channels. 

SUMMARY OF THE INVENTION 
[0003] The invention relates to heating of a fluid flow channel in an 

injection molding apparatus, and more particularly, to an apparatus for 
ensuring intimate contact between the heating device and the body of the 
apparatus or system component that is sought to be heated to an elevated 
temperature. 

[0004] In accordance with one aspect of the invention, there is provided 
a heater assembly for mounting around a fluid flow channel in an injection 
molding apparatus, the heater assembly including an inner tube comprising a 
first heat conductive material having a first coefficient of thermal expansion, 
the inner tube having a selected longitudinal length, an inner surface and an 
outer surface. There is also provided a first ring having an inner surface 
engaged around the outer surface of the inner tube along short selected 
length of the longitudinal length of the inner tube, the first ring comprising a 
second material having a second coefficient of thermal expansion that is less 
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than the first coefficient of thermal expansion. The assembly has a heater 
mechanism that heats the inner tube to a selected elevated temperature. 
[0005] The heater assembly may include an outer tube receiving and 
mounted around the outer surface of the inner tube, the first ring mounting the 
outer tube in a fixed position around the outer surface of the inner tube, the 
outer tube being mounted such that an inner surface of the outer tube is 
spaced a distance from the outer surface of the inner tube. The heater 
mechanism is typically mounted within the space between the inner ring and 
the outer ring. 

[0006] The assembly preferably includes a second ring having an inner 
surface engaged around the outer surface of the inner tube along a second 
short selected length of the longitudinal length of the inner tube, the second 
ring comprising a material having a coefficient of thermal expansion that is 
less than the first coefficient of thermal expansion. The second ring mounts 
the outer tube in the fixed position around the outer surface of the inner tube 
in cooperation with the first ring. 

[0007] The first ring and the second ring typically have the same or 

substantially the same coefficient of thermal expansion. 

[0008] The short selected length typically extends from a first terminal 

end of the inner tube, the first ring being mounted at and around the first 

terminal end of the inner tube. The second short selected length typically 

extends from a second terminal end fo the inner tube, the second ring being 

mounted at and around the second terminal end of the inner tube. 

[0009] The inner tube and the first ring expand radially upon heating to 

selected elevated temperatures, the second material of the first and second 

rings being selected such that the first and second rings expand less rapidly 

than the inner tube expands radially upon said heating, the first and second 

rings restricting radial expansion upon said heating. 

[0010] The inner tube preferably includes a slot extending the 

longitudinal length of the inner tube. 

[0011] The outer tube receives and is mounted around the outer 
surface of the inner tube by the first and second rings such that an inner 
surface of the outer tube is spaced a selected distance from the inner surface 
of the inner tube, an enclosed space being formed between the first and 
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second rings and between the inner surface of the outer ring and the outer 
surface of the inner ring. 

[0012] The heater mechanism is preferably mounted in the enclosed 
space in engagement with the outer surface of the inner tube and being 
spaced a distance from the inner surface of the outer tube. 
[0013] The heater mechanism typically comprises an electrically 

conductive material of high resistance connected to a source of electrical 
energy for controllably heating the material by controlled application of 
electrical energy to the material. 

[0014] Further in accordance with another aspect of the invention there 

is provided a heater assembly for mounting around a fluid flow channel in an 
injection molding apparatus, the heater assembly including a tube comprising 
a first heat conductive material and having a selected longitudinal length, an 
inner surface and an outer surface. There is also provided a first ring having 
an inner surface engaged around the outer surface of the tube along a short 
selected length of the longitudinal length of the tube and a second ring having 
an inner surface engaged around the outer surface of the tube along a 
second short selected length of the longitudinal length of the inner tube. The 
assembly includes a heater mechanism mounted around and in engagement 
with the outer surface of the tube. 

[0015] According to a further aspect of the invention, there is provided 

a heater assembly for mounting around a fluid flow channel in an injection 
molding apparatus, the heater assembly includes a tube comprising a heat 
conductive material, the tube having a selected longitudinal length, an inner 
surface and an outer surface. There is a ring having an inner surface 
engaged around the outer surface of the tube along a short selected length of 
the longitudinal length of the tube, the ring being made from a shape memory 
alloy that causes the ring to reduce in diameter when the ring is heated above 
a threshold temperature so as to positively clamp the inner tube on a portion 
of the injection molding apparatus forming the fluid flow channel during use of 
the heater assembly. The heater assembly also includes a heater mechanism 
capable of heating the tube to a selected elevated temperature. 


4 

[001 6] Further features and advantages will become apparent from the 

following detailed description taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] Figure 1 is a side cross-sectional view of a heater apparatus 

according to the invention; 

[0018] Figure 2 is a side cross-sectional view of part of the inner tube 

component of the Figure 1 apparatus; 

[0019] Figure 3 is a close-up view of the upper end of the Figure 1 

apparatus showing the arrangement and fitting together of the inner and outer 
tube components relative to an end cap or ring component; 
[0020] Figure 3a is a side schematic cross-sectional view of the ring 

element of the Figure 1 apparatus; 

[0021] Figure 4 is a transparent, perspective view of the Figure 1 

apparatus; 

[0022] Figure 5 is a schematic, side cross-sectional view of a portion of 

an injection molding apparatus showing a heater apparatus arranged/fitted 
around the downstream nozzle end of a fluid flow channel, where the nozzle 
has a controllably movable valve pin; and; 

[0023] Figure 6 is a schematic sectional view of an alternative 

embodiment of the invention showing a ring element coupled to an inner tube 
with complementary screw threads. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0024] Figure 1 shows a heater apparatus 10 according to one aspect 

of the invention. The heater apparatus 10 comprises an inner tube 20 and an 
outer tube 30. The inner tube 20 is typically comprised of a material having a 
relatively high coefficient of thermal expansion such as copper, aluminum, 
and alloys therewith. The outer tube 30 is typically comprised of a heat 
reflective material such as polished aluminum alloys. The materials 
comprising both tubes 20, 30 are preferably resistant to oxidation and 
corrosion, typically anodized aluminum. As shown, the inner 20 and the outer 
30 tubes are mounted at opposing terminal ends by rings 50, 60 in spaced 
relationship whereby an enclosed annular space 70 is formed between the 
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inner surface 32 of the outer tube 30 and the outer surface 22 of the inner 
tube 20. 

[0025] The heater coils 40 are enclosed within the space 70 and are 
preferably mounted in contact engagement with the outer surface 22 of the 
inner tube 20 so as to most efficiently transmit heat energy to the body of the 
heat conductive material of which tube 20 is comprised. Heater coils 40 are 
connected by conventional electrical wiring 1 02 to a source of heat generating 
energy 100 such as an electrical voltage or current generator which can be 
readily controlled to transmit electrical energy to coils 40 and raise the 
temperature of the coils 40 to one or more preselected temperatures. Other 
sources of heat generation may alternatively be employed such as a fluid 
material which is controllably heated at a source location 100 and routed 
through tubes 40. The heater mechanism may alternatively be constructed in 
other formats such as heatable sheets or strips akin to coils 40 which wrap 
around the outer surface 22 of the inner tube 20. Alternatively, the heater may 
comprise thick or thin film electrical resistance elements encased in enamel. 
[0026] As shown in Figure 5, the inner surface 24 of inner tube 20 is 

fitted around the outer surface 82 of a nozzle body 80 that is mounted at an 
upstream end to sealably communicate with a fluid flow channel 1 10 of a 
heated fluid distribution manifold or hotrunner 120. The diameter A of inner 
tube 20 is typically configured to be essentially the same as or only very 
slightly larger at room temperature than the outer surface diameter of the 
nozzle body 80 such that nozzle body 80 is snugly received within the hollow 
interior of heater tube 20. The manifold 120 of the injection molding apparatus 
125 is heated to an elevated temperature to maintain the fluid injected into 
the channel 1 10 in a readily fluid flow state. The heater assembly in the 
arrangement shown in Figure 5 is positioned at a downstream position around 
the nozzle body 80 to continue to maintain the fluid at a selected elevated 
temperature as the fluid travels from channel 120 through the channel or bore 
130 of nozzle 80. The heater coils 40 heat inner tube 20 which in turn heats 
nozzle body 80 which in turn heats fluid within channel 130. 
[0027] The inner heater tube 20 is comprised of a material, typically 

highly heat conductive metal such as steel, stainless steel, aluminum or other 
suitable metal material, that expands radially as indicated by arrow 140 in 
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Figures 2, 3 upon heating to elevated temperature. The rings 50, 60 also 
expand radially as indicated by arrow 142 in Figures 1, 3 upon heating to an 
elevated temperature. However, the rings 50, 60 are comprised of a relatively 
low thermally expansive metal material, such as titanium, steel, stainless steel 
or other suitable metal, which has a coefficient of thermal expansion which is 
less than the coefficient of thermal expansion of the metal material of which 
the inner tube 20 is comprised. The rings 50, 60 thus restrain the higher 
radially expanding inner tube 20 by virtue of an inner circumferential surface 
58 (Figures 3, 3a) of the rings being frictionally engaged around and against 
an opposing outer circumferential surface 28 (Figures 2, 3) of the inner tube 
20. As shown in Figure 2, the outer circumferential mounting surface 28 of 
inner tube 20 has a diameter D which is essentially the same or only very 
slightly smaller at room temperature than the inner circumferential diameter D 
(Figure 3a) of the mating surface 58 (Figures 3, 3a) of the ring 50, 60. As 
seen in Figure 3a, the ring 50 has an outer circumferential groove defining 
abutment and mounting surfaces 56, 57 for bearing against the outer tube 
30. The ring 60 has similar abutment and mounting surfaces. Once 
assembled, the abutting terminal ends of the outer tube 30 are crimped into 
the outer circumferential grooves of the rings 50, 60 thereby defining a unitary 
body to contain the inner tube 20. Upon heating of the apparatus 10 (Figure 
1), the inner tube 20 radially expands as indicated by arrow 140 to a greater 
degree than the rings 50, 60 radially expand as indicated by arrow 142 and 
thus the pressure between surfaces 58 and 28 increases as the apparatus is 
heated creating a radially inward force indicated by arrow 144 by surface 58 
against surface 28. The increased radially inward-pressure force 144 created 
by rings 50, 60 against surface 28 of the inner tube 20, in turn, causes 
increased pressure of the inner circumferential surface 24 of the tube 20 
against the outer surface 82 (Figures 5, 7) of the nozzle body 80 thus 
increasing the heat conductive contact area and heat conductive efficiency 
between inner tube 20 and nozzle body 80. The rings 50, 60 thus act to clamp 
the inner tube 20 against the outer surface of the nozzle 80 upon heating of 
the apparatus 10, 125 to operating temperatures. 

[0028] The inner tube 20 is typically provided with a slot 25 (Figure 2) 

through the entire body length of tube 20 which allows the tube body 20 to 
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more easily contract in circumference under the inward pressure force 144 
being exerted on the outer circumferential surface of the tube 20 by rings 50, 
60. As shown the slot 25 is parallel to the axis C of the tube 30 (Figures 1 , 2). 
The slot 25 may alternatively be slanted at an angle relative to axis C or 
curved, curvilinear, zig-zag or arranged in some other pattern relative to axis 
C other than the straight, parallel arrangement shown in Figure 2. 
[0029] As shown in Figures 1 to 6, the rings are mounted at the 
terminal opposing ends of the inner tube 20. The longitudinal length X (Figure 
3a) of the inner circumferential engagement surfaces 58 of the rings 50, 60 is 
very short or foreshortened relative to the overall longitudinal length L (Figure 
1), of the inner 20 and outer 30 tubes. Typically, the longitudinal engagement 
length X (Figure 3a) is less than about 10% of the total longitudinal length L of 
tube 20, and preferably less than about 5% and most preferably less than 
about 3%. 

[0030] In the embodiment of the invention shown in Figure 6, the inner 

engagement surface 58 of the rings 50, 60 may include screw threads or 
teeth 52 which are complementary with screw threads or teeth 64 provided on 
the outer mounting surface 28 of the heater tube 20 such that the rings 50, 60 
may simply be screwed onto the top and bottom terminal ends of the tube 20. 
In such an arrangement, one screwably engageable ring 50 or 60 can be first 
screwed onto an end of the tube 20, then the outer tube 30 can be slid over 
the outside of tube 20 and one end of the outer tube 30 positioned against 
the abutment, mounted surfaces 56, 57 (Figure 3a), to assume the position of 
tube 30 shown in Figures 1, 3. After the outer tube is slid over the inner tube 
20, the other of the rings can then be screwed onto the other end of the tube 
20 and the other end of tube 30 positioned snuggly against mounting surfaces 
56, 57 of the other of rings 50, 60 such that tube 30 is stationarily held in the 
position shown in Figures 1, 3 relative to inner tube 20. 
[0031] Alternatively, the rings 50, 60 can be made from a shape 
memory alloy that reduces in diameter when heated above a threshold 
temperature so as to positively clamp the inner tube 20 on a portion of the 
injection molding apparatus forming a fluid channel. 

[0032] The inner enclosed space 70 is created by the assembly and 

mounting of the larger inner diameter outer tube 30 around the smaller outer 
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diameter tube 20. The mounting and clamping rings 50, 60 enclose the air 
space 70 off from the outside environment which creates a somewhat 
insulated air space that becomes elevated in temperature and insulated from 
cooling influences that may be conducted to the heated metal structures 120, 
80 which are in conductive contact with the mold body which is being 
subsequently cooled relative to the nozzle 80 and 'manifold 120 during an 
injection cycle. 

[0033] The inner enclosed space 70 is maintained as heat retentive 
reservoir, in part by the outer tube 30 which reflects and retainer heat within 
the space 70, by virtue of its inner surface 32 being spaced a certain radial 
distance away from both the heater coil elements 40 and the outer surface 22 
of the inner tube 20. The outer tube 30 is typically comprised of a heat 
reflective metal material such as steel or stainless steel or anodized 
aluminum. 

[0034] The rings 50, 60 are shown as being mountable/screwable onto 
the two opposing terminal ends of the tube 20. Alternatively the rings 50, 60 
can be mounted, attached, screwed or otherwise connected to the outer 
surface of the tube 20 at any position along the longitudinal length of the tube 
20. 

[0035] The tubes 20, 30 and the rings 50, 60 are shown in the figures 
in cylindrical design/configuration. The tubes and rings can have a variety of 
shapes in radial section such as square, oval, hexagonal, pentagonal or any 
other tubular shape that matches or is complementary to the outer 
circumference of the fluid flow channel structure that the heater assembly is 
intended to be mounted around. Also, as shown.in Figure 5, the heater 
assembly is mounted around the more downstream end of the fluid flow 
channel, ie around the nozzle 80, which is immediately upstream of the gate 
for the mold into which the fluid plastic is injected and eventually cooled 
during an injection cycle into a molded part. The heater assembly 10 can 
alternatively be mounted around any portion of any fluid flow channel in the 
system, eg. around the hotrunner channel 1 10 or another fluid flow channel 
section that is configured to allow a tubular heater construction to be mounted 
around. Such a heater assembly can, for example, be mounted around the 
barrel (not shown) of an injection molding machine itself or around the other 
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nozzles that feed into other distribution channels or molds in a manifold or 
runner in the system. 

[0036] Figure 5 shows an exemplary embodiment of a heater assembly 

used in controllable fluid flow rate injection systems. In Figure 5, the heater 
assembly is engaged around a nozzle 80 having a valve pin 160 which 
controls the fluid flow through the bore 130 depending on the positioning of 
the valve pin 160 relative to the opening of the channel 130 in the area of the 
gate 127. 

[0037] It will be understood that several variations may be made to the 

above-described embodiments of the invention within the scope of the 
appended claims, as will be apparent to those skilled in the art. In particular, 
the nature of the materials will be selected in accordance with the intended 
application. It may also be understood that an outer tube is not required but 
that this may leave the heating mechanism exposed. The outer tube could be 
made from any desirable insulating material and even comprise a ceramic 
material. 


